First-trimester ultrasound determination of chorionicity in twin gestations using the lambda sign: A systematic review and meta-analysis by Maruotti, G. M. et al.
European Journal of Obstetrics & Gynecology and Reproductive Biology 202 (2016) 66–70Review
First-trimester ultrasound determination of chorionicity in
twin gestations using the lambda sign: a systematic review and
meta-analysis
G.M. Maruotti, G. Saccone, M. Morlando, P. Martinelli *
Department of Neuroscience, Reproductive Sciences and Dentistry, School of Medicine, University of Naples Federico II, Naples, Italy
Contents
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
Materials and methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
Comment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
Funding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
Conﬂict of interest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
A R T I C L E I N F O
Article history:
Received 22 January 2016
Accepted 21 April 2016
Keywords:
Multiple gestations
Twin–twin transfusion syndrome
Ultrasound
First trimester
A B S T R A C T
Objective: To evaluate the accuracy of ﬁrst-trimester sonographic determination of chorionicity in twin
gestations using the lambda sign.
Study design: Electronic databases (MEDLINE, PROSPERO, Scopus, ClinicalTrials.gov, EMBASE, Science-
direct) were searched from their inception until April 2016. We included only study assessing the
accuracy lambda sign in prediction of monochorionicity in the ﬁrst trimester. Forest plots for pooled
sensitivity and speciﬁcity with 95% conﬁdence intervals (CI) were generated. In addition, symmetric
summary receiver-operating characteristic curves were plotted. The area under the curve (AUC) was also
computed to evaluate the overall accuracy of the diagnostic test.
Results: Nine studies, including 2292 twins, were analysed. In all of these studies, identiﬁcation of the
lambda sign was used to diagnose chorionicity on real-time B-mode imaging. Twins were classiﬁed as
monochorionic if there was a single placental mass in the absence of the lambda sign, and dichorionic if
there was a single placental mass but the lambda sign was present or the placentas were not adjacent to
each other. In all nine studies, placental histology or discordant fetal sex were used to conﬁrm
chorionicity. Pooled results from the meta-analysis showed that sensitivity of the presence of the lambda
sign in the prediction of dichorionicity was 99% (95% CI 98–100%), and speciﬁcity was 95% (95% CI 92–
97%). Pooled sensitivity of the absence of the lambda sign in the prediction of monochorionicity was 96%
(95% CI 92–98%) and pooled speciﬁcity was 99% (95% CI 98–99%). The AUC for diagnostic accuracy was
0.99, and suggested very high diagnostic accuracy.
Conclusion: The lambda sign predicts chorionicity with a high degree of accuracy before 14 weeks of
gestation. Presence of the lambda sign indicates dichorionicity, and absence of the lambda sign indicates
monochorionicity. All hospitals should encourage departments providing ultrasound services to
determine chorionicity when examining women with twin pregnancies in the ﬁrst trimester. As
determination of chorionicity is most accurate before 14 weeks when the amnion and chorion have not
yet fused, the ﬁrst-trimester scan in twin pregnancy is paramount.
 2016 Elsevier Ireland Ltd. All rights reserved.
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The incidence of twin gestations in the USA has increased over
the past decades [1]. Compared with dichorionic twins, mono-
chorionic twins have inherently different complication rates,
including fetal loss, fetal anomalies, intrauterine growth restric-
tion, prematurity, twin anaemia polycythaemia sequence and
twin–twin transfusion syndrome [2]. Therefore, accurate determi-
nation of chorionicity is vital when managing women with
multiple gestations. The sonographic determination of chorionicity
is based on the number of placental sites, the visualization of an
intertwin membrane (ITM), and the identiﬁcation of the so-called
‘lambda’ or ‘twin-peak’ sign on the one hand or the ‘T’ sign on the
other [3].
The aim of this systematic review and meta-analysis was to
evaluate the accuracy of ﬁrst-trimester ultrasound determination
of chorionicity in twin gestations using the lambda sign.
Materials and methods
This review was performed according to a protocol designed a
priori and recommended for systematic review [4]. Electronic
databases (MEDLINE, PROSPERO, Scopus, ClinicalTrials.gov,
EMBASE, Sciencedirect, Cochrane Library, Scielo) were searched
from their inception until April 2016 with no language limitations.
The following search terms were used: ‘twin’, ‘multiple’, ‘amnio-
nicity’, ‘chorionicity’, ‘gestations’, ‘ultrasound’, ‘sonographic’,
‘pregnancy’, ‘transvaginal’, ‘2D’, ‘lambda’, ‘accuracy’, ‘cohort’,
‘case–control’, ‘prediction’, ‘ﬁrst trimester’, ‘obstetric’, ‘triplet’
and ‘sign’. No restrictions were applied for language or geographi-
cal location. In addition, the reference lists of all identiﬁed articles
were examined to identify any studies that were not captured by
the electronic search. The electronic search and study eligibility
were assessed independently by two authors (GS, PM). Differences
were discussed and consensus was reached.
This study considered randomized controlled trials, case–
control studies and cohort studies. Studies were included if they
reported data allowing construction of a 2  2 table. Only studies
that assessed the accuracy of the lambda sign for the prediction of
chorionicity in twin gestations during the ﬁrst trimester were
included. Studies that evaluated the accuracy of other signs (e.g.
ITM, gestational sac number) for the prediction of chorionicity
were excluded. Studies on triplet and high-order multifetal
pregnancies were also excluded. The primary outcome of this
meta-analysis was planned a priori as the accuracy of the lambda
sign for the prediction of chorionicity in twin gestations.
Data abstraction and methodological quality of the included
studies were completed by two independent investigators (GMM,
PM). Each investigator abstracted data from each study indepen-
dently. Data from each eligible study were extracted without
modiﬁcation of the original data to custom-made data collection
forms. Disagreements were resolved by consensus with a third
reviewer (GS). All authors of the original studies were contacted for
missing data if possible.
The quality of each included study was assessed using Quality
Assessment of Diagnostic Accuracy Studies (QUADAS) criteria [5].
Each item is scored as ‘yes’, ‘no’ or ‘unclear’ (if there is insufﬁcient
information to make an accurate judgement) [5]. A quality score
was calculated, deﬁned as the total number of items categorized as
‘yes’ among the seven items of the QUADAS criteria [5]. A study
with a score 5 out of 7 was judged to have low overall low risk of
bias [5].
The meta-analysis was reported in accordance with the
Preferred Reporting Item for Systematic Reviews and Meta-
analyses (PRISMA) statement [6]. Before data extraction, the
protocol for this review was registered with the PROSPEROInternational Prospective Register of Systematic Reviews (Regis-
tration No. CRD42015027286) following the PRISMA guidelines for
protocols (PRISMA-P) [7].
For all included studies, a 2  2 table was constructed to cross-
classify the ultrasound measurement of the lambda sign and the
prediction of monochorionicity. Forest plots for pooled sensitivity
(i.e. detection rate) and speciﬁcity of ﬁrst-trimester lambda sign for
the prediction of chorionicity in twins were generated, with 95%
conﬁdence intervals (CI). Additionally, symmetric summary
receiver-operating characteristic (SROC) curves were plotted.
The area under the curve (AUC) and the Q* index were also
computed to evaluate the overall accuracy of the diagnostic test.
The AUC of an SROC curve is a measure of the overall performance
of a diagnostic test to differentiate accurately between cases with
and without the condition of interest. The Q* index is deﬁned by
the point at which sensitivity and speciﬁcity are equal, which is
closest to the ideal top-left corner of the SROC space. Both values
range between 0 and 1, with higher values indicating better test
performance [8]. The following guidelines have been suggested for
interpretation of AUC values: 0.5  AUC < 0.7, low accuracy;
0.7  AUC < 0.9, moderate accuracy; and 0.9  AUC  1, high
accuracy [8]. The authors planned to assess AUC for the sensitivity
analysis according to the study design of the included studies.
The degree of between-study heterogeneity was evaluated
using the I2 statistic, which represents the percentage of between-
study variation that is due to heterogeneity rather than chance.
A value 30% indicates a substantial level of heterogeneity [4,9].
Potential publication bias was assessed statistically using Begg’s
and Egger’s tests [9].
Data analysis was completed independently by authors (GS,
PM) using Meta-DiSc 1.4 (Hospital Universitario Ramon y Cajal,
Madrid, Spain). The completed analyses were compared, and any
differences were resolved by review of the full data.
Results
The study ﬂow chart is shown in Fig. 1. Thirteen studies were
assessed for eligibility [10–22]. Four studies that evaluated the
accuracy of ITM for the prediction of amnionicity were excluded
[10–12,17]. As such, nine studies, including 2292 pair of twins,
were analysed [13–16,18–22].
Begg’s and Egger’s tests showed no signiﬁcant publication bias
(p = 0.62 and p = 0.71, respectively). The statistical heterogeneity
between the included studies was low (I2 = 0%). Fig. 2 shows the
results of the quality assessment. None of the nine studies had a
high risk of bias in patient selection and reference standard. Most
studies (5/9) had a low overall risk of bias (i.e. QUADAS score 5)
[13,16,18,19,21].
Table 1 shows the characteristics of the nine included studies.
Of the 2292 women with twin gestations, 428 (19%) were
monochorionic twins and 1864 (81%) were dichorionic twins.
Four studies were from the USA [14,15,18,21]. Four studies were
retrospective cohort studies [13–16] and ﬁve were prospective
cohort studies [18–22]. One study was a secondary analysis of a
randomized trial of preterm birth prevention in twins [18]. The
method of ultrasound ascertainment was described clearly in all
nine studies. Ultrasound scans were performed at <14 weeks of
gestation. In seven studies, transvaginal ultrasound scans were
performed using a 5-MHz transducer for B-mode imaging by a
doctor with appropriate experience in early-pregnancy ultrasound
assessment [14,15,18–22]. In the other two studies, ultrasound
scans were performed transabdominally [13,16]. In one study,
where views were suboptimal with the transabdominal ultra-
sound, the examination was performed transvaginally with an
8-MHz transducer [16].
Fig. 1. Study ﬂow diagram.
Fig. 2. Review authors’ judgement of risk of bias and applicability concerns based on Qua
each study: +, low risk of bias; , high risk of bias; ?, unclear risk of bias. (B) Risk of bias g
Green, low risk of bias; red, high risk of bias; yellow, unclear risk of bias.
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diagnose chorionicity on real-time B-mode imaging. If the
placentas were fused and a wedge-shaped junction was observed
(i.e. lambda sign), this was interpretated as extension of the
chorionic tissue into the base of the ITM, and therefore a
dichorionic twin pregnancy. Twins were classiﬁed as monochor-
ionic if there was a single placental mass in the absence of the
lambda sign, and dichorionic if there was a single placental mass
but the lambda sign was present or the placentas were not adjacent
to each other. In the absence of an ITM, the pregnancy was
considered to be monoamniotic. In all nine studies, placental
histology or discordant fetal sex were used to conﬁrm chorionicity.
A 2  2 table was constructed for all nine studies for the
prediction of chorionicity using the lambda sign in the ﬁrst-
trimester ultrasound scan.
Pooled results from the meta-analysis showed that sensitivity
of the presence of the lambda sign for the prediction of
dichorionicity ranged from 98% to 100%, and speciﬁcity ranged
from 82% to 100%. Pooled sensitivity (i.e. detection rate) was 99%
(95% CI 98–100%) and pooled speciﬁcity was 95% (95% CI 92–97%).
Sensitivity of the absence of the lambda sign for the prediction of
monochorionicity ranged from 79% to 100%, and speciﬁcity ranged
from 97% to 100%. Pooled sensitivity was 96% (95% CI 92–98%) and
pooled speciﬁcity was 99% (95% CI 98–99%).
The AUC for diagnostic accuracy was 0.99, which suggested very
high diagnostic accuracy (Fig. 3). Accuracy was also high in the
sensitivity analysis of retrospective studies alone (AUC = 0.98) and
prospective studies alone (AUC = 0.98).
Comment
This systematic review and meta-analysis showed that the
lambda sign has very high diagnostic accuracy for the prediction of
chorionicity. The pooled detection rate was 99%.
This study has several strengths. To the authors’ knowledge,
this is the ﬁrst meta-analysis to evaluate the accuracy of the
lambda sign for the prediction of chorionicity; no similar meta-
analyses were found during the systematic review. The number of
women included in this study was high, and the overall risk of bias
of the included studies was low. All of the included studies had thelity Assessment of Diagnostic Accuracy Studies tool. (A) Summary of risk of bias for
raph about each risk of bias item presented as percentages across included studies.
Table 1
Characteristics of the included studies.
Monteagudo
1994 [14]
Copperman
1995 [15]
Sepulveda
1996 [13]
Carroll
2002 [16]
Menon
2005 [22]
Lee
2006 [21]
Bora
2008 [19]
Dias
2011 [20]
Blumenfeld
2014 [18]
Location USA USA UK Ireland Malaysia USA UK UK USA
Study design PC PC PC PC RC RC RC RC RC
Number of twins included 64 47 279 150 463 247 67 613 362
Number of monochorionic twins included 9 3 63 34 50 49 14 146 60
Number of dichorionic twins included 55 44 216 116 413 198 53 467 302
Gestational age at scan (weeks) 5–14 8 10–14 10–14 10–14 <14 7–9 11–14 <14
Placental pathological examination Yes Yes Yes Yes Yes Yes Yes Yes Yes
PC, prospective cohort; RC, retrospective cohort.
Fig. 3. Symmetric summary receiver operating characteristics curve with 95% conﬁdence interval for the accuracy of ﬁrst trimester sonographic determination of chorionicity
in twin gestations using the lambda sign. Area under the curve (AUC)  standard error (SE) = 0.999  0.02; Q*  SE = 0.994  0.03.
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protocol of this review was registered a priori on PROSPERO.
Statistical tests showed no signiﬁcant potential publication bias.
Finally, statistical heterogeneity between the included studies was
low, with no inconsistency in the pooled results (I2 = 0%).
The limitations of this study are mostly inherent to the
limitations of the included studies. The quality of the ﬁndings is
dependent on the quality of the primary studies included. All of the
included studies were cohort studies. The generalizability and
external validity of these ﬁndings may be limited due to the quality
of ultrasound equipment at these institutions and the patient
population evaluated. No adjustments for potential confounders
were made by the original studies. Subgroup analysis according to
gestational age was not feasible; only Blumenfeld et al. included
second-trimester measurements, but did they not stratify the data
by gestational age. However, they showed that for each weekincrease in gestational age, the odds of misclassiﬁcation rose by
10% [18]. Hierarchical SROC curves were not assessed.
Twins account for approximately 1% of all pregnancies, with
two-thirds of twins being dizygotic (i.e. non-identical) and one-
third being monozygotic (i.e. identical) [1]. Over the last 20 years,
the rate of twinning has increased, and this increase is most
marked for dizygotic twins [1]. Two-thirds of the increase in twins
is due to the use of assisted reproduction techniques, and one-third
of the increase is due to increasing maternal age [1].
Chorionicity refers to the type of placentation and does not
reﬂect zygosity, which denotes the type of conception. Chorioni-
city, rather than zygosity, is the main factor that determines
pregnancy outcome [23,24]. In dizygotic twins, each fetus has its
own placenta and amniotic sac, and therefore dizygotic twins
always have a dichorionic placenta [23]. In monozygotic twins,
there may be sharing of the same placenta (monochorionic),
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Siamese). In monozygotic twins, the type of placentation will
depend on when the zygote divides. If the division occurs within
the ﬁrst 3 days of fertilization, dichorionic–diamniotic twins occur;
if the split occurs 4–7 days after fertilization, the result is
monochorionic–diamniotic twins; and if the division occurs 8–12
days after fertilization, monochorionic–monoamniotic twins occur
[23]. Approximately 25% of all monozygotic twin gestations are
dichorionic [1].
While all twin pregnancies need increased surveillance
compared with singleton pregnancies, monochorionic twins need
particular follow-up [2,24]. Twin pregnancies have a monochor-
ionic placenta in 20% of cases, and perinatal mortality is two to
three times higher than in dichorionic twins [25,26].
In dichorionic twins, the ITM is composed of a central layer of
chorionic tissue sandwiched between two layers of amnion,
whereas in monochorionic twins, no chorionic layer is present
[3,24]. Determination of chorionicity helps to identify those twins
at higher risk, and enables monitoring to be tailored for the early
diagnosis of complications [1,25–27]. Being able to predict
chorionicity in twin gestations has several potential beneﬁts, as
failure to detect chorionicity may be associated with higher rates of
neonatal morbidity and mortality [2,24,25,28]. This information
may assist birth providers when planning staff coverage [29].
These data may also be helpful for women choosing between
planned caesarean delivery and waiting for spontaneous labour to
attempt vaginal delivery [29,30]. For pregnant women, this
information may help them to arrange their social activities and
deal with anxiety.
In summary, the lambda sign predicts chorionicity with a high
degree of accuracy before 14 weeks of gestation. The results of this
study support the observation that the lambda sign indicates
dichorionicity, and the absence of the lambda sign indicates
monochorionicity. As there is regression of the chorion laeve and
the lambda sign becomes more difﬁcult to identify with advancing
gestation [3,13,18,23,30], all hospitals should encourage depart-
ments providing ultrasound services to determine chorionicity
when examining women with twin pregnancies in the ﬁrst
trimester.
As determination of chorionicity is most accurate before 14
weeks when the amnion and chorion have not yet fused, the ﬁrst-
trimester scan in twin pregnancy is paramount.
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